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coTtiir.iinication paraxaeters;. Kor Instance, trang-rtdtl.ecl '■.l«r.a 

i&tes. Xr*o d^-;gradat io^^ ol th^ channel can iie d..uv J:c a 
iTiultitude of factors such ganerail noise ixi th^; charrneX,, 
multi-patr; radjiv-j, lDi5,<s of Iine™of -sight p^ath, excessive- 
Co -Channe.. Int-5srter^nc& iCCl) and other f-actors. 

By reducir.g CCI ih^^ oairrier-to-ira- crt"--?rence iC/T. ; ra";.Ao ca.n 

Specifically, improved C/X ratio yields higher per link bit 
rates, enables more aggressive fraquancy rce-use structures 
and Ificreases th« coverage of the ^systajft. 

,it i ^f^HKO 1 u ^„„o -j.^- I .at trau-^ 

UT-^lts and receive units equipped with antenna arrays, 
.rather tham single antennas ^ can improve .fecsivsr 
perfonsance^ fetenn^a arrays can both reduce muitipath 
fading of the desired signal snd suppress intsrf-sring 
signals or CCI, Such arrays ca?^ conseqi^ently Lncrf-iass bcth 
the range and capacity oI~ x\fi.reiess systsras* Th:kS is trne 
for Vi'iiteie?:*? cellular telephone other iRobiie systems as 

wall as Fixed Wireless Access (0'WA) systems ♦ 

In mobile systems, a variety of factors cause signal 
d;-K;rnda" Ion aad corrupt- : ^-sii, ^i-ie--?!- include inierfe reuce 

Anorner source ol signal degradation Is inu."] t ipairli xading.. 
in which the received arsiplitude a^d pheise of a signal 
\Jcxries Ov'er time. The fading rgite can r&aoh as rtiUC-ii as 200 
Hz for a snofoils user traveling .^it, SO Kiph at PCS frequencies 
of about GT^s: , In such er)viroj;-)^r!.enf;.s,. the problem is l-.o 



^ >' xnv.r*='i^w)L I be io - 1 i.^-x* £vi,te'~>'' v, -^c 
^ At^ptJVv.' /^--'v^* 4'c?c "iih'f*?, if-i^i-'iy fc-'■<*J^->* 

j-<N v.^u'^i<. *o adapt ^ut^ wi<i^'u-&a i >,o 

SUr'^u'-'^.e -ii^ PCX>S OS" «!ltl <iU-^''> " ''JOC ileitis. 
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V 1 % r ' f u ti V. (J. t } t ^ ^ ^. < h in 

" a < ! in •)■' ^ 

its txansmit antennas to f oxp: a teeant diractsd towards <aacli: 

5-"<a irlc^cti-i '>*i ^tfrt ^..«! *''9^irt-^.al ^ vjxt,ta oi o_ 

^ t 1 J k - i 

•>f f ■> D iv -tb^ I, I * -> > t 1 J 

^f^.v^ \e y *t^ai. ^*^to t.ccra'^t, Ixtn l^, x. « o*- iv. ic t=» i 

lj.a"*5Mt ouH oi!::. stiver ot dv.ca vO *=>-c- u^ux a id t u& io 

ft--t take in \ t of- t^tra^ sjvl-i-^n a f^a'ticu-v^i uhr. * . 

1 ' I'xC . ^, 1 ^ 5 K h „ s;:r„ > a line 
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Cet. =5w ^ v.. X ^ ^ t ? : 

Mult 

^iUt' TUn O h f ^v > ' I lit JJ 1, 
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III I t " > { I t * » n t s 

t 1 J v.acel>, antenna ^e'»-r < v 

tlia <ssrt.*: 



The present inventloii p!ro>rid6S a aiethoci for selecT;ing 
antennas for transtfdttlng data over a channel by etapioylrsg 

mrJtipla f;-f-5rKttjJ- antern^^c^ or Q^li'vie -.jL^v.^i^fri f u;.,, , 

havii'jg multiple receive antennas. The txcsx. -.^t of the 
jnethod inyoives determining a ch^^an^i descriptor. In one 
8rc?i,>ndifn'fent the desCJ^iptor is a channel ir^att^-ix 

I I * i'*- ^ > n ^ O ' "] ^ SI ^ ft 

d-'-;] -iV ^jpread, the dasscriptor is a cbarine.1 Yaalrlx .CJuer H. 
The channel descrlptoj: h'-is sub-da:3criptors cor re spend! nq to 
t ><r « f f V, ri nn-- *Npc ""'^'-^ i, ^' u 5^ 



descriptors in the lorra oi; 3ub-Ttiatr.iK filtsrs also 
corresponding co the transTdt ant^snnci?!, 

"^he srsittn^d uaxAs for choosing a quality param^rcr ara 

Identified and the aiiteiir^a from e<nong tiic-i <:rar!.s<':^.i c antennas 
assoDiated with the sub-descriptor' is deactivated, 

"'he q'ualir.y pa.rameter useci in th«s .m«;tViOd c&n bs'^ sele-,;ted 

i:;o~-rioise laLio and po«-^jr ;-Dvel. TUc thrcAh^.ild is typically 
£i uilnbT'.ufn acceptable value of the qcsaiity paramet>3r< This 
threshold can foe re-set or adjusted and the step© ox 
identifying another sub-deBcriptor or set of sub-* 
descxlptora not meeting the threshold can be repeated. The 
corresponding transjra t antennas are then deactivated. 

In case tiie apatiai multiplexed coniiivunicat Ion is of trie 
type ejttploying a nminbet of sob-carrder tones rather than 
ju:>i: j^nc -x'ti^r-ier freqaoncy* the sux;!"descriptors arc 
.^-"i-v, ^^..Ov. i.w -'^^■^K=»vfe vali'e 'fnaiJtv p- ■"Sf"*^ ~x . 

.■:,on\p«rad wif:fi the thresi^olcJ to detsinrdtied v^h ether >:hc 
t:.hx/®.shDld i& met .. : 
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rei:aoved ftoitt the o&^ftnsl: ysatrix H to ofcrtain. a subset 
ill » \ ' ^ ^ t X J 1 j-^ ni 1 I I V 

f.ns f- !. ^5 ~r>*. 

s i ■'td mode car^ b^^^cd o-- i -^c qua'Ai,y p®^^ujr*r , 

one, t > u. . I £ u set;. 



k\*-<^c^ \x? f-, a TT-^ce -^e^ect.ru b^urK for i-*<.,*r vfnq t >» 

i>t,"d^T>4 "^'c^ihdCj!. io„<.rev. z:> xhp at lea!^t dho ■"i,iD~d?i>criptc:j 
..o v.he +"r-^"6<Fi ^ anit -^x^ ai> t->c ce^o ^n^i he, to the rase 

vOioiic^ cuntrciex ci separate corilx<.'J units cai 



^ . " -^u"--^ - ptc^< nt;<=^a ^!0,C'* lu •t«>*!~'--sa<"'r 



<^ i > a \^>i<.h tiie iTJiiid o tire 

i^'iu. 2 2h a c^n-f v»i vied )3iock diagram ^^iiic U - 1-" j 

t£aas:r:Lt ar.a receive t^nits ac^'DtUino ..f *• 
iBvenrdoa.: 

" a bi"^ck dL-^ar-^ti an e5<:c:'^p!ary trans!ir>ii. ..pIL 

block ot t' s Irsiismit mi it of h\q< 
Ticcur^fiace vvith the :rim rit::on.. 
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ivs^ df*vuo^" i-'iciudc rr.-.bAlo !:3<:;oj ui:^v.& 14A> X4B, 14C 

-^^^nce or anv o^.h<- 1 ' \ t ^ \< . 
> x^^v-- -if» ^ ^ h<. ^ :i lis uu>.ink 

-"c nni -s .c K^^^ 'I'M' K'^t'-^le^w 14 IS 

ror ^^T«p„ icT*-^, only ch«.*T^f*> &2Af t2B o^iy^ecn 12 
e-i ui'S^n ^ h^wa^rAut u^vlois"^ t<''^ipoja i.iv^ia<^s Lh^^, 
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^ ^'^u -^f i^Qh di'^a x.^tc ^iO'^v^'.*" tia*---!^ -i 

^ r-0 - 14 are set. iip 

J 3t i C h „ ^ ^ ^ I r I 

^ »ciPLt <-A''iL*-rn«o IB^, ISB, . IBM iv-^ v 

IBM, ^ ■'t- V t (^^c'a ce >^nt 

^ ^ £u <- ^ -^L'^ i "-ivv"' ""■^ iipiOX-t, i i > 

Tig. 2 a t lu£"c:L<*i5c fc-^c ru^dai^eit a™ btocVs ox rra"*-m*- uai'*" 

T^^j-f^'N? i\iu i.ds^'^'LO trajii*5.iU. At.u'i. 
£>u' v^i..cvji^.- IBAf ISB, . , IBM -nw>;^iv.- 

--^uor^iioa c-e ti^^rs^sil ^ ana^s TS* to ^'uf^.^nas^ ISA, 18B, 
18M. 



I. (.<^ivfe ante 34A, 34Bjr ...f 34lil ui i « r lo^v 20 -Of 



12 



wo m^mmi 



b^ock 3B inclodes a channel measureroent or e^st -.maflon anlt 

co-irvt icierd". s Taatu i-K K Gi'u-iratrcsri slag chanuel 22. 

h fTodt. we/'sctiv:?^ bKx-^k 40 uses rr.atii>: h and a chcs^jn 
quality of s-ervic«: QcS or quaQity parairieter OB to dstexmine 

i.aD::.oyi re::.ir':.lor>.. The qir:j..i. A t y paraiTter.er C'- ^::;te''j by b'..c.-ck 

sigfia.l-tO"iac^rf®rence and noise ratio ^S■J.■!^^H) , yignwl" Vo~ 
noise ratio {SHH) po'ss-a.r lev??.!. Block 40 laakes the 
deterjrii'^at. :.on about which of transniit ai^tsnnas ISA, 18B, 
18M i^houlf-t be t ran splitting in order to keef. che qut\Aa-;y 
V'U-a.-v.eter above a cei-tain xninira^.m-. roquirec -^aluo or 
t^::.'"?!-!^^ X^-«! selcct-son £ec. b<sc< 'ni^-a'^ec hy 

dashed iins 42 to transirdt unit 3.2. Xn case channel is 
a t.ime-di^'-ision d«pl.eK«d (TDP) channel, which i3 reciprocal 
between the receive and transm.it uruts^ no separate 

daacL.ivar.es l.he i". raTV^mii aritenn^^s viilch block 40 has 
deterMned should daactivatad, 

an exemplary erabodir.\ent of a transtait wiit 50 tor 
practicing the xnethod of the invsrstion is shown .In Fig, 3, 
Datii B2f in bhls case in the foriri of a binary at.reaxn,, has 

shov<?-n) . The purpose of intsrlaaving and pre*coding Is to 
r8nde.r the oiat^. rnore robUv^t agsilnst errors. Both or bhose 
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Data S2 is delivered to a conversion unit, tTsore 
.-'j. -.HV.:. V..I'." ■. V '.^ p.-' ; ^nxjM;xpl«xinc; bic-cK 5« , Sio :!-, SS 

':onv'.vi t. >.iatii 52 into k 5l•."^oasT!^^ of syai):>olc5 rtC c-i"ioa.dii 
nioduiatiox^ rates and coding i^at^s. For exatv^ple, data 52 
can be converted into ssN,?«ibols through modulation in a 
c\-n<^^ %=>Uor fs<-^lccti,>i r;-o.T aT.o:.<; PSK, 0^% >JSK, F^K, ri^^, 
P£-M,< C^i^U^. CPM or other y^ultable constej. lations . Tho 
triuisruj-c^s-'ion iraco or througnpirc of d&l-a 52 --s^'y 

ot trie k: B^c;rea^«B:v 
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t:5tec; "iv:,' c-:u-:l?c ponding throuahputs '.vhici^ c-i)": >=h v;sco 

■in 1 ^ . - I .■"■>p -^x ■i^^ t'-^c " c ^ X \u The 

OT^tries are convsniently indexed by a mode niwsber.v 
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as 
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<ie.5^'* j^-s. >» a-^'-* f-orv -iT<i<- Jn& f ^ornav. ton :io coi tj ^1 < 66 

ra'*-- iransi^^w urtiw SO oaii *ite ci*a>UiOl iesc'^^i.pLor '^u 

£0. ^ kA. 



a>3 ^ a .tp ■^^fcspo-^H. f i o , <„i 

22 has a tremory aad arsy x^epresentation of chfsnneJ 22 should 

c.^ . : -5 t"o" qjiwn -'teJay sp""-;^r^d cs-sann^ri 22 v.; <5,^ 
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fil Ci H whici IS cuj.i'^"^ "jwt^d r >^5^ as.s vs'he^ e i. is 

CL:; cban^-c* ir-^tjrix at i-th delay tats, 

jjtF't'i, hf-^*^ c^"^^./ «<iv;f'> bfub-^c^it 1 1 ;r*r f <='i.\ o 

n an o-vb':>Cv:xie>uz of ^n^^ic^-^r <«n<u^<" ntej «"'tc'"1 

accordance with this descriptor, -raiismit sigsals TS 

^ ^ ^ r< »■) ^ ( 

f , 5 t - ^ . % - > U ! { ^ ^ M 
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many streams data. 52 is to be di^d.ded. Parser is conneatad 
SsTith a ::T!ml;tiplex.ing block &2 and supplies the strsSMB to 



<.ef\ iM r - fi n m 

I ^-'C n-' " ic^ ^ " 1-' --^1 « 

i-w\t V. t s.^. u §4 -'r'" . ^ -^t. I'll ^ d ~'~ a « 

too " I v3 luv.^^ ton o^.-^ ^! [Ua^Hr<L'")s.ir 
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z ^ 3 c t,<^v.>- .It, c>-^sti o 1 o -<t -ih n-i ^2 

^i>i ^~ c-^ XPO V.O ti'&rt a to o"so-k §0 *o p>nx.iCvC o.o-k §^ 

■^v;* -^^ ^ru ra> i-N Iba 3sl>.ri>ato^ 100 deterst^nei - cik t5^" 
ope !. i > !, 

or ^.jporc'j.'^v^ ^^tc^''o>vet and cocon s er^loyed 
transMlttssr :B0» 



Chaxinei e^t-lmator 100 is also cona«cted to a xnode selection 
10?. Hxlo ^;Oir<n lor d'cck 102 1? a 
daba.base 104,. Database 104 conveniently contairis k;ok--:jp 

or uo^.^ T'o :oi oa^h o^i snuxtOc, iP crl.'. : for 

any pt,.i t - „i k-r 0.. r l^oco uas ..'=;c<o<-^x^t c i •> ' 

QPtn>- which is conv'^sni.ent ly stored in database 104, For 
o.'.a.au-'l;-.f vn-an 3lNR is usod as Q}?, then f\)r a g:von -.or 
f:c:qul,iadi pertor-mance critexia, e<g*^ a requirea i:;iiF% -anc-h 



1$ 



for the seXectiSd: inodes* f 

A,l terns tively, mode .$>3l«iCtion block 102 can receive quality 

outside source. In yet anol-J-se.r carixxtirfieru-., block 102 cai5 

or Tuake its omx &&l.^ctio£i of quality parajTieter QP, Mso^ 
thria.'5hold value QPth ^® provided, or pre~set by block 

102 or adjusted during operation by oither block 102 or 
soRie other, circuity as; necss<sary. In the presenl-. 
. ^ - ." ' noe ar*d noise ratio iSXKR'> 

i,$ used as quality paranexer Qi-\. 

CoT^venientlyj, database 104 co.ntain.<3 th^ aarua entri^ss as 
database IB indexed fay th« sama mode numbers. This 
arrarj'jftrfteui- a>.-..V-is it pairtlc'uiarly easy "foi ^solv-ct io;, b:o-::k 
102 to i:onr.ur.icate its mode s&iaction fo> oisc.'^ tran^mt 
antenna Tj. to transniit unit SO by sending tho n\od« number. 
For GxaiT'P-.e, selectxoT) block 102 providea 'im;-,?-^-- -u.; ^--t.-ki 
nuirfcer sxid mode to be uaed by that trc^n,\^rB,iv arit^uina 
pairw'is« tor- fesdteacK to traT~3strdt unit SO. In fact^ 
antera'xa nun!i-.;e.r and ?riOde c^^n be arranged in a table fo:: 

CO. re.spondiiig modi^ ,;cc noi iiidi eaten oy bi(X;k 102, ■-.'■•c-r. 
that transtnit antenna is deactivated by controller SS. 
Tor acti'i..:'^ transtsut antannas Ti controller 66 retri<2ves the 
ccrresponding codine; r«to axid mcajilation ffOiTj dat-sbase 78, 
Mteraatively,, selection bloci-i; 102 can Indicate directly 



vJ'hich trans-vjit arstenria or anv:«n.T>a« sr-i^ to be daac<; ivat:-;>d 

^ " j_ '"o -^o'^^ ^4.'^', Ui, -V vaf-^ ru !\ .V 1 by 

alX active transmit antennas T^, e,g..< at systersi start ~upv 
At this tixrv& selection block 102 only sends active transmit 
arstennas and mode for feedback to transmit unit SO. 

t-k/d-: oele-:;tIcn bXock ;102 xb connected v.o a {■sedb^sc.'?. i:. 'ocV. 

n-.^des to receive unit SO- fc^s^^t'r.eriBUjrs, feedback biyc'c 106 
can ali?D send channel parameters ^ e>g.f in the form of juode 
nu^nber to transmit unit 50, Receiver unit's 90 transraitter 
110 is connected to feedback block 106 for transmit ting 
this information back to transmit unit SO. 

In chis erabodirsent r receive unit 90 is a Trdnimms mean 
square error equalizer (HHSS) receiver requiring a receive 
proc^'sBsinn xnatx-ix lOB bas^sd on channel matrix H tc recovei- 

..jV^o^o. .ojru; ' <^ <\frcvp..i. » i^Mi. > \ 108 o . .-<. . 

Block 102 GOimunicateB rcvatrix W% to block 9S via a link. 

The- c:-^t-:..:T,Lon of chanjiel 22 on a transmit vector e o£ H 
t-tansmit signals T$ correspondir$g to t-he M transiT».ih 
antennas 12 is described by the sy;;t-^^!i' ecxiation: 

vhere v is an noise vector, H is the NxH channel 

matrix,- R liv. the; linear. f#lSE eq'jali^er rec«ix?er and x ia 



the Mxl receive vector estmatea by reosvvii- utat ^0. i;t , 



E{ss')^i^,i e{vi^)-^R,,;. E(sp)^Q. I^) ? 



SL j,s the eKpectai- 0.- ^ v->r i-hc diivtii but Jons v ssnd 
The ^rror vectt-.- -i c^n be? firmed -5 an 

"^h*» l.n^^.-sr MMSE <squ&i.i^er is iVivrnd M min±mit±ng. the <?o«t; 



l\s^;5a tne ass-impciona in i2) , th& cost fxinction in (<:U can 

where 1 13 l-Vie identity mat.riK. To obtain • - c->:S£ 
::i^r;c;:.-.or: ..s set to ;:&iv;(> — ;r — --Of and ^^^sv-'lvc-oi -^^i K,-,r<t 

a? 

yielding: 
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t.ranffr-u v,c.<-5a via each one of ■a;aftSi:rjit antemiaa 72. Xv- 

etrbod->k*nr , sign-jil-tD-intexfec-snce and aoise rac'O tS:KR} 

is (;hos«rji as the quality parameter Q^^> "'^^J'^' islation 

betiw-esn SXSRi for i-fh of bransmit antennas 72 and Roy,<t 



U" '-'our'se, a i-c^i «o:. ^" .3%e£aje akii^ ~l the isrr s\U or 
f'0*t !>£;.ch o^' trarss-"!!"- a' t„en'' as 7a ■^'^d th«? f^<->aj. 

^ov-i^r v^cr" of th^ t^roshoid taseo on z^e sired ana "v 

T -^xo d.if. 52 »>\ >v \ 08 t. ~ .*oc cp'-^b te v.ric" '^'**"c <>. 
iff ruci ^ " .v" ^ . <^ -a^c-^ait -n-^ da ,a 52 ■^mp^<-^%io d> 
cso tit I t li V. -.u) fclu"^'*" 56 I Cdns^T^ib aru . BQ> < fo 
c-vjaole, the pssjqmenf cx.\ be h«.«it5Ci o-^ ^ u~ 

^ . ^ . ) f « ^ r -^-^^ 1 „ 

ut -^^ ^ ^ b2 i * K u !. ^ „ u 1 ' t V r 



t3 



p:. i'U.;.?, ?.-4} ana the qualiXy paravms-^ter OF is 3xi>iR. Tnfr 
required at receive a^-iit SO given this mode assigns the 
rvdnimvL^n thrashold Specif icaily^ B£Ri at receive 

xinit SO for data S2 transmitted in trasasmt signals TS ,frot?*. 

r.i'ie r-ti: a,uceri.na a^; toXiov?;: 

^ vaiu > to be ised a** thre«shoid '^^'i^ 

1 ^ - I ^ ^ h >< 

^ w S2 T { ^n^> J 

it i^T-J W y > / S v^v.-^ } t t t J. ^ \ 0,11 V ^..^t , N V '5 

C ^ -i ^ s X i: "> ri-( ^ ' ^ uo ^ I I ) 
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'v^o_dii3 y ^hc metr :>J mvat op Iiu'^^'Ta"^ i ^-^ ^- 

T cot '^la ra o ^:^trf\ I ■< ^ a^s-v-c w *v<"a In •"-^^ ^ , 

ttis'^'^p^t- «v - so iv. ^nov?n f"^-j ^ ^ L -ru"*:i> ^ r 

c L I > n I 1 I 1 o 

V.) *v-^^%-^u i.> ^ nnnai-^e^n n'^Nc^ 110 ^u^x 0^ ^ 

mmtsi^U in the present embodiment sub-~matrix h,, since 
QP.< t \ \ I ' . 



^ ^ < I V a t V ■^r ^ , ' 

f .5 f . 1 to *-rar3jrit unit SO, Fi^ . ,< 

vr^-U'-s Oi". f:>T v^ib •'alt iv.-*^- ^^ io jw'-v^n.crtce, 

u^Ui^qcci li descending ord?*i oT QPi- aiapp^nq ct ^*"a*^ i<cf 

.1 V 1 =■ ut > 1 " L . ^. > i. n"' t ^ - 
In the 'Si- en ^a<. C"" c"^h •^c^'^t,<A t>f^'.:i u ^o'<NC^i 



suit to tr?* s-erond hx^no'^ -m th* -^-Mti, ci'ii -^v x 

te^ticed for tr=*'^ aode # The xfode # '*''"r ^ t 
'"^ a-^-^n-" t -."^ r •* I, ^ k s 

■i ^ ^ di or 3*. " f U-! 

itv : fi > <. o-^ t I, oi\\c>. v! ^ 1^0 t ti or 

Ux- « =!t C^n, Fn^ ^^Ha-^ple, w..o . d-a S2 -^o^i /^'> \ 



Cohw sen blcc\ XIO :5a'^ c'l fn«* s::feps o£ lo-^rt-r^ ig 



T ^ !. wrx ^ J o , ^ t i. . SO )r i ^ n ^ \ 

ID2 o at n?*a w ^^'-^iv^ unit a- Q-^&ciibca 



2^1 , 200 
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tjr ~Oc3 " '7 X t C J 4- "1* '■]'- " o"" ^ « 22 1 >H 

•i o^r^is. ulcj" r 1*" can c^diufct: thre^ncd orv>, b^'^r-i, r i 

212 ^ . ^ r i i bv 

r '^ . o i, ■=> Totou '•Kr'^' ^nict certain oitj*. -^ois<.- ^ ^ vC 
« 212 may d(>t^ ai-e t "e,. one j. ba^* Svcv^ici:! 204^ 2%)fe 



The se.i ectlon ci an;:er!^-^?.'« f^tir? fKxi^o.s is fed back i-"r:--ui 
recsive anit 212 to BTS 204, 20€. In particular, a control 
loqiCf in this e^nboaiitient a coiitroller 202 icocvl.-e?i the 
feedback fxx>n) receive unit 212. Controller 202 can be a 
.'s^att'^f .x^-'^i. 1 o'' Ki-- ^ &up<f"rvlsin'; the ocexaiac-^ ct B'.s 204, 
206 ..t." ^ "^rs cf -iz-^ivnv^- : ^~ - ; i ?00, 

A.!.terr;atively, control logic c^sn consist oL separate 



2S 



wo m^mmi 



^>x rnu'-ro.. coed tie f^e tr^' erj^ -^Hi, fir i<rs<"'> -^i, ui 
ft ^^ <»vi^ti,i \s ton I 1 ' u 

In paxl.ir^Ia> , Cor channel ^AJiTih delay jsprec^d -"he sv?T?:a 



wo m^mmi 



t 1 t i H ^ J n i ^ ^ ^ ^ I s I ^ 

ill. v?o v^j^t ^^I i ) ^x"^ -^Jv \ e bv , 

hv. L t i: ^iit^t ante aar-i bi^^o-^a t-o ^etara^o nr*^ 1e 

By deriining th^ following correiataor matrices: 



4^5>/. (13) 



the >:::SL ust.aift::toi R fox estimatinf^ trorc ^ oar. s^ri^rvu 



t. f K ioi ^-th ■* Jv-ix-sfi it 



SN^ ^Jj[Rm"R%, (15) 



,» ^ i s . vv..r * >.^;..u„> t<jb--iescriptots=? one -^O- eari 



wo m^mmi 



ir-. th:..s- cc.re envJi transmit antenna -?ria .i-vi= axs-?'Ciar.ed >.u.tb-- 
the aifterent sijI?-- carrier f requenci'ss. m other 'A'OiXis, 
carrier tone ST^. will e^hlVjit a quality parafU<?t -sr- OP^, 

^ ^. - !K ^, the se_3cl:;,or) of trsiisr^xc 

deacc.i%''ate Ik this case is mad^ Isaaed on v,he a-^^erages 
qfjaXity parameter i2E> for the group of s^xb-descrajstor^ 
associated with that aritenna. y%Mth this chsnga.^ the method 
of .invfer^tion can ba eiTiploy^^d ir< rexilti-carriar systerfis as 
described for aon mlti -carrier coKMuaication systems. 

The method of the irrvejition c&ri be used in soft .har;d~off 
between base &-tations in celiuiar systems, Alternativ'aly^ 
partial hand-offs or gradual hsrid-of fs between bass 

x-^eK'-vj ;ro CO difxar-snl'. base statioris at ail tiin&a. A.lso, 
in t r.a vioi^e of fiKed Vj[ixele;SS devices there raay be cases 
w^hsre the chanjiel does not change appreciably over tl«ie* 
In this case, once the antenna selection is nade, no 
teedback may toe required ^ 

It will be clear to one skilled in the art that the above 
es^ibodi ma-fits may be aitared ixi jTiaay waya *^i,r,hout departing 
'ts'T^-^ ^ ■^occ>i" -'t luv-ti^^o^- <^C'"'"n3: w the sccp< oi 



13 



the mvencion should De det.erma.ned fey the fGXlow.ing ci.aimv5 
and their legai. equivalents. 



1 . i -lu 



o 1 



iiK i)it.tiio<* Ox l1 ^li iru no ^i'v sitnc- 
•^hauiio^ i:i-„t"cj H o "^bl * < ^ < 



and i*=>-^-l-xwliriC, 



Q j.^ u > - t -^x^ ^Pis Lab" 

descriptor is? GJfeaSBel Biatrl.ss said swb- 



laoaniat ion. 

r i>-m|x of cl<sin 12, ft>^< reir; i 



3f 



i livelihood x^ecejver^f sero forcing squailEer, 
recsiverSf succosslv^ cancellation rec.ei\?eris arid 
miniiBUm mean square ^rtor eqx^alli^er recslTerj-^, 

18. A HofK..; -'cm oOlcclAuCi anrosrsnas: :^o: ^u.^.i^,! 
i'jILlpioxod coi,ffaut5i cation In >3 cnannel. fcr 
r;an5jr,;r:td.v.i data ;~^exwe>?rt ?^ transmr unit having 
transxait antennas ami a receive unit h«v.1ng rec«ive 
anxennas? said irtethod cOTiaprising : 
a} detentilning a ch^inr.el deticriptor l;a^>?s<^ 

d^:sc--iproTs correspcnding to said t£a.r:Sjtdt 

b ) oksDS i;ng ^: . quality parameter: ; 

0} assigning a threshold to said quality paraiseter 

d) identifying B.mong said stib- descriptors a set of 

•^nte^-inas associated vrith said set of sub- 
descriptor a ; 

19, The inethod ox ciaira 18 ^ wherein said quality 
parciTf.eter is selected from thfc group consisting 
v-'t- / --cc : ur*; ri" :-'n-tC'." r:o. -^olse ratio, 

s..g;vAl-''.,o>".ao.u^e ra^MO, power level, 

<20~ Tht: focthod of- c'iaini tdiereiii said channel 

des>,^i"ip-:ot la .:ha:-snw-i- rfi«rri>r ri.'5\ei- H, aa^d 



3S 



charinol rsatri^. filter H, and s^ic gset of sab- 

hi > 



. 1 f .b - ! . r - > ^ 

r cc^r-^ M Ik L flu "^1 



3t 



d'ur'ssccipt-c-rcs are sub~matr 1c«!j^ hj of ssaia v-.it.an*;--' k 
H, r.nd saxa yet, of isab-Cvesci apl jrs li? s 
??et said Ti^r*- toati- h^. 



■ad-JJ channel T«.r,.x tv> v' . jii-N-j -^t- 
^,h.s?^n(^ . nut x-i X H ' , 



77. The f.iotb<xi of c further 

3Cu Ih^ TnetnM or jiax^: 29* wherexn sai::^ mode 
.^x, The laotfiod of oldiTf 29, vhoj-o-iu scuJ 



as; 



32. The method of olalxn 29,, vne.reix\ said 
xslected mods is based on said quality 
parameter. 



Th^ method of claiir^ 29 „ ^hBrern said 
selected mode is fed back to said transmit 



3ii Ihe method of claiin IB, Vs>her4x!in ."~ic; reooXve unit 
is selected from the qxo\^> corisisting of. ma,^^iiT*uTn 
ilKelihood re'ceiv«.raf 7.ero forcing eqa?5lizar 

ralnlmufft meati square error equalizer recelYsrs. 



35 < A «>ethod for selecting antennas for s£:atiai 
rultj-plened cosHrtunication in a channel for 
tr'5r.&:»:rting data bet^-^een transmit antennas and a 
>«o«=>ai?'^ unit .hav.lrjg an array of receive a.nte.nr;as, said 

r-v ui^k; a t.-h,-. -k^^ <i-<>^rt xi.v, ' .^,a\ - .,^l>~ 
deBC.r.i.ptoTB corresponding to ssid transmit 

b) chOQBxng a quality: parameter f: 

c) assigning a threshold to said quality parameter; 
vJ) >or;- * tyi'--'"? .-^r^—n- s-jid ?-iib'--iasr^*jr'"'>"^-* •^-■^^^"'"^ 

V. ' r ' ' " ^^^^ r d f ; r ) 

afxtenr;^ aftscxviated with i*aid sufo-descjr Iptoi'. 



36i riun m^jthod ox ci«-5't.n 3^, ^^?her--?ir .n.'s^d quail tv^ 
parameter is selected frcsft t/ne group consisting 
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."h£Hh«)^ it^t >x Mil''' :ai->o <!.5i-J **at'~i.'*»?s:: 'rvi-» 

jiiana^ x, mat i\ f i i l<i ^ W 

o-^ iae method; of cJaiF 33, fmtiu"^ 
c0.Trra.sxn5 tepeatirstj said iaenci fv^^uq 



A^J id "o^fTkUi »5i'X^loVi> iuu'!^v.r 



aiftoriQ said t.ransii\ir, .rinS^er^v,-,,^ rr. 



•^;a. The TP.ethcd of claisa wherein said cnami^sl 

descriptor is a chamel matriis said -sub- 

descriptors ar« sufo-Tuatrlcea hi of said channel 
rnyitrix 1-1^: and said sub-descriptoje is a siib-matri^s 

h' 

43. The ra^tthod of: cialJa M). ^Bx^the^ ait^rimts:^^ 
xemo^ixig said sub-matrix h-j frojft said 
duitsTiBl raatriji B to- stetain a s*jfoset ttha^msi 
.matrix !.-r . 



the 9iv.up 



43 
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t iC.;-c-5-'«\, ante^jn^s, auteuT^a^ associated with said at 

uriit further conp^rlses 3 spatial ^cltirlex'-j^ct 
foXack corxiBCiced to sala coaxroUor for coding and 
vtiu 1 1 ip I ex'iT">a ^a id dar. a ^ 



44 



^<e-rri.pwO at l^" ,rt crt. s^^b-acs iri,y^ Ow 

^^.d a-*' least cne sjic-aes:;; £?-a^d ^.■^"an&lut 

t^-iiC- fxnq n^I'C? Ir< isiio si*ra 'va* o 

anu cj sa d « >^nt aftUn,->a^, v^^^ti^i'-^axi i-.o^^^^io 
o i &v s^a^' \u<^~vvx CJL,icto'• 



fcrmhmn urn 



O!^ u''^ i -"^tc ^■^ iUQ u its- rot 'k r'^jxcL^^ i- 
transcexvers has-oue of ss-axu co t... wsits. 
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